Objective. To review outcomes after supraglottoplasty for laryngomalacia and identify risk factors for supraglottoplasty failure.
L aryngomalacia is the most common congenital anomaly of the larynx and cause of stridor in newborn children. [1] [2] [3] Upper airway obstruction occurs due to supraglottic collapse during inspiration. 1 Although the exact pathophysiology is unknown, the tissues involved include the aryepiglottic folds, arytenoid mucosa, and the epiglottis. 1 The diagnosis is usually made by flexible fiber-optic laryngoscopy, which demonstrates shortening of the aryepiglottic folds and/or redundant arytenoid mucosa, with or without epiglottic prolapse. 3, 4 Most cases are present at birth, reach a peak in severity at around 6 months of age, and resolve without intervention during the second year of life. 1, 2 In 10% to 20% of patients, however, laryngomalacia will become severe enough to warrant surgical intervention. [2] [3] [4] Failure to thrive, feeding difficulties, upper airway obstruction, and severe dyspnea are some of the common indications for surgery.
Supraglottoplasty has become the mainstay of surgical management for severe laryngomalacia. The procedure typically involves division of the aryepiglottic folds and resection of supraglottic tissue. Success rates of 38% to 100% have been reported with relatively low complication rates. 2 O'Donnell et al 5 achieved a 90% success rate, defined by improvement in stridor, and describe the procedure as low risk. Despite reported high success rates, 19% to 45% of children will require a revision of the original procedure or insertion of a tracheotomy tube to bypass persistent obstruction. 2 A study by Denoyelle et al 1 found that the presence of associated congenital anomalies is a risk factor for surgical failure. Indeed, patients with isolated laryngomalacia fare much better in terms of discharge dates, rates of pneumonia, unplanned pediatric intensive care unit (PICU) admissions, and symptomatic control at follow-up than patients with significant comorbidities. 5 In 2009, Schroeder et al 6 found that patients with neurological conditions, mandibular hypoplasia, subglottic stenosis greater than 35%, or preexisting laryngeal edema were more likely to have a complicated postoperative course. Hoff et al 2 later substantiated that the number and type of medical diagnoses a patient carries directly affect whether supraglottoplasty will succeed. In particular, patients with neurologic and cardiac comorbidities seem to carry a higher rate of supraglottoplasty failure. Age may also play a factor as this study also showed that patients younger than 2 months of age without comorbidities had a higher rate of revision.
The purpose of this study is to review our patient outcomes after supraglottoplasty and identify risk factors associated with treatment failure in our series. Identifying factors that increase the likelihood for a poor outcome may help to better define treatment algorithms for laryngomalacia.
Methods
This study is a retrospective case series evaluating patient outcomes after supraglottoplasty at the Medical University of South Carolina (MUSC, Charleston, South Carolina) between 2004 and 2010. MUSC Institutional Review Board for Human Research approval was obtained prior to the study. A total of 95 children underwent supraglottoplasty for the diagnosis of laryngomalacia. After exclusion of patients with inadequate follow-up data, 74 patients, aged 1 day to 7.9 years, were included in the study.
Patients were diagnosed with laryngomalacia requiring surgical intervention based on clinical presentation and confirmed by conscious flexible fiber-optic laryngoscopy either in the office setting or via direct visualization in the operating room prior to surgery. Patients are routinely treated for gastroesophageal reflux disease (GERD) in the perioperative period using a combination of histamine (H 2 ) receptor antagonists and/or proton pump inhibitors (PPIs). Supraglottoplasty was performed using cold steel (CS) laryngeal microinstruments or the CO 2 laser. The larynx was suspended and the operation performed under binocular microscopic visualization. Most of the operations included excision of the redundant tissue overlying the arytenoid cartilage. In all cases, the aryepiglottic folds were incised.
Patient charts were examined for the following: age, history of prematurity (<34 weeks' gestational age), weight at the time of surgery, growth curve percentile, neurologic/developmental problems, genetic syndrome, cardiac abnormality, synchronous airway lesions, and surgical technique. Synchronous airway lesions included subglottic stenosis and tracheomalacia. Surgical failure was defined as need for postoperative revision surgery, tracheotomy tube, or gastrostomy tube.
Statistical Analysis
The main outcome of interest in these data was success or failure for the operation. Failure was defined as a patient requiring 1 or more of the following postsurgery: (1) revision operation, (2) tracheotomy, or (3) gastrostomy tube. Explanatory variables in the data included age in days, history of prematurity (<34 weeks' gestational age), weight in kilograms, weight percentile, neurologic or developmental problems (yes/no), genetic syndrome (yes/no), cardiac abnormality (yes/no), synchronous airway lesions (yes/no), and type of surgery (CS vs laser). Weight at time of surgery was log transformed for all statistical analyses. Prior to modeling surgical success, descriptive statistics were calculated for all variables using SAS version 9.2. 7 We performed Fisher exact tests on all dichotomous variables and independent Student t tests for continuous variables to examine the association between surgical success and all explanatory variables. Explanatory variables with a P value of <.20 were considered in a multivariable logistic regression of probability of surgical success model. 8 The final logistic regression model was selected using backwards selection. All P values reported in the multivariate model were 2-sided, and the type I error rate was set at 0.05. All statistical analyses were performed using SAS version 9.2. 7
Results
The study population included 74 subjects of whom 66.2% were male. The median age at the time of surgery was 116.5 days, and the median weight at the time of the surgery was 5.5 kg, with half of the participants being at or under the 30th percentile for weight based on age. We report the results for all health-related variables in Table 1 . Nearly half of the patients had 1 or more additional airway lesions. The most common synchronous airway lesions included subglottic stenosis (15%) and tracheomalacia (9%).
In the bivariate analysis of surgical success with each explanatory variable ( Table 1) , only prematurity was found to be significantly associated with surgical success (P = .05). A nonsignificant trend of surgical success was noted when considering log of weight at time of surgery and growth percentile (P = .11 and P = .13, respectively). We considered prematurity, the log-transformed weight at time of surgery, and growth percentile in a multivariable logistic regression model. We also controlled for type of surgery and age at time of surgery in the full model. However, only prematurity was still significantly associated with surgical failure in the multivariable logistic regression model. Thus, the final multivariable logistic regression model included prematurity and controlled for age at time of surgery and type of surgery ( Table 2 ). The odds of surgical failure among children who were born prematurely were 4.85 times the odds of surgical failure among children not born prematurely, controlling for age at time of surgery and type of surgery (95% confidence interval [CI], 1.07-22.1; P = .04).
Discussion
Congenital anomalies and medical comorbidities have been found to adversely affect supraglottoplasty outcomes. Denoyelle et al 1 found a significantly increased risk of failure or only partial improvement in patients with associated congenital anomalies such as Pierre Robin sequence, psychomotor retardation, encephalopathy, CHARGE syndrome, or Down syndrome. Additional studies have identified age less Otolaryngology-Head and Neck Surgery 146(2) than 2 months, 2 cardiac comorbidities, 2 and neurological impairment 6, 9 to increase the risk of poor surgical outcome. Synchronous airway lesions such as subglottic stenosis or preexisting laryngeal edema have also adversely affected the postoperative course. 6 In that series, subglottic stenosis and preexisting laryngeal edema were independent risk factors requiring increased airway support after supraglottoplasty. Our series did not reveal synchronous airway lesions as an independent risk factor for poor surgical outcomes as defined by our criteria. These differences in outcome measures highlight some of the challenges encountered in the literature when reviewing laryngomalacia treatment results.
In the series discussing synchronous airway lesions, prematurity was not found to be an independent risk factor for a poor outcome after supraglottoplasty. However, a premature birth was found at a much higher rate in the patients with neurological conditions. Our series identifies prematurity as an independent risk factor for a poor outcome after supraglottoplasty. A history of prematurity remained significant even after controlling for a subject's age and weight. Because of the retrospective design, we are unable to determine the reason for these poorer outcomes in children with a history of prematurity.
A number of factors are believed to play a role in the development of laryngomalacia, but the precise pathophysiology is not completely understood. GERD is frequently implicated in the etiology of laryngomalacia. 10 All of our patients are treated perioperatively with antireflux medications because it is believed that GERD may cause and/or exacerbate laryngomalacia. Structural anatomic abnormalities have also been suggested as a cause for laryngomalacia. An omega-shaped epiglottis, shortened aryepiglottic folds, and redundant supra-arytenoid tissue are frequently seen. Additional theories attribute the problem to abnormally pliable or immature cartilage. 11 Recently, Thompson 11 proposed that abnormal sensorimotor integrative function of the larynx may play a central role in the etiology of laryngomalacia. Bluestone 12 suggests that evolution has forced human gestation to be 12 months shorter than needed. He proposes that many pediatric otolaryngologic conditions, including laryngomalacia and otitis media, are encountered because of humans' gestational length. Although we cannot draw conclusions from this study to support these theories, perhaps in utero maturation of laryngeal cartilage and neural pathways is underestimated.
Unlike other studies, our series did not reveal adverse outcomes in patients with other neurologic, cardiac, or synchronous airway lesions. The low failure rate combined with the small number of patients within each subgroup with these comorbidities limits our ability to identify significance. Increasing our overall sample size and the number of patients with comorbidities would improve our ability to identify other potential adverse factors. Also, varying definitions of a poor surgical outcome between studies may also contribute to these discrepancies.
Limitations of this study include the retrospective method of data collection. A significant number of patients could not be included because follow-up data were not available. Although we cannot assume the results of those lost to followup, it is possible that the failure rate represented in this report is higher than the actual results as we predict that many of those patients had unavailable postoperative data because they significantly improved after intervention and sought followup care in their local community. Also, the small number of patients with poor surgical outcome (only 16%) resulted in limited statistical power, which may explain why some variables were not shown to be significantly associated with surgical outcome. A larger sample size would be required to determine, for instance, if being premature at birth and weight at the time of surgery (which were significantly associated) were independently associated with surgical outcome. Another challenge encountered when evaluating supraglottoplasty outcomes is the lack of a universal definition of success or failure. Most series use subjective outcomes such as improvement in stridor or resolution of feeding difficulties to measure success. Objective measures such as those used in this series (revision supraglottoplasty, tracheotomy, gastrostomy tube) have been evaluated, but these are often limited by low failure rates and small case series. The large population of supraglottoplasty patients at our institution reduced the impact of these limitations. Additional objective assessments of supraglottoplasty outcomes such as polysomnography 13 or growth velocity 14 were not practical given the design of this study.
Conclusions
Outcomes after supraglottoplasty in our series were comparable to previous reports in the literature. The findings from this multivariable analysis suggest that a history of prematurity should be considered a risk factor for surgical failure. The cause of poorer outcomes after supraglottoplasty in patients with a history of prematurity is not known. As the pathophysiology of laryngomalacia and the link to the immature larynx are investigated, the impact of prematurity may be better elucidated.
